Abstract: This paper proposes RAGA-PPE comprehensive assessment model for power quality specific to highdimensional index system issue of comprehensive evaluation for power quality to realize continuous evaluation for power quality of multi-index regional power grid from three dimensions of index, time and region through adjustment of time factor size. The model adopts PPE to convert power index of multidimensional data to lower-dimensional subspace and compress multiple power indexes to single power index for systematic comprehensive evaluation, which overcomes shortcomings such as influences of human and subjective factors and local optimization in conventional assessment methods. Improved RAGA based on real coding is used for optimization of target function to reduce optimization workload and search out the optimal projection direction rapidly. The optimal projection direction subject to optimization reflects degree of importance of various power indexes for comprehensive evaluation of power quality. Examples prove that the evaluation model is simple in computation, good in applicability, and accurate and objective in evaluation result, which provides a new method and thought for decision of comprehensive evaluation for power quality.
INTRODUCTION
In the electricity market environment, the quantified description from power quality synthetic evaluation is a vital basis for Power Quality Evaluation (PQE) and electricity pricing. Reliable and comprehensive evaluation of power quality, as one of current research focuses, possesses great significance in assessing power sector, investigating customer satisfaction to utility industry, and determining the electricity price [1] [2] [3] [4] [5] [6] . The traditional Power Quality Evaluation (PQE) method with a single index to evaluate power quality should be changed [7] [8] [9] . At present, most of the researches are based on qualitative analysis to evaluate the power system. In [10] , after normalization dividing an index by its maximum acceptable value and consolidation combines all the normalized values for one disturbance type into a single index, we got six individuation indices for voltage variations. The indices are easy to understand and manipulate because the value equals to the percent of contractual limit or standards limit. But as a result of many service indicators can't qualitative calculation, this method has limitations in index selection. In [11, 12] , by establishing the standard cloud matter element model of power quality comprehensive evaluation and calculating the association degree between the matter element to be evaluated and standard cloud matter element model, the coefficient of credible degree is defined, which allows the model not only obtains the level of power quality but also provides the credibility information of the evaluation result. The method is simple, accurate and reliable, and has better practicability.
In [13] , based on the Radial Basis Function (RBF) neural network to evaluate the power quality, this model has a universal applicability and advantages. But it is hard to evaluate process of the empowerment weight given by the various power quality, lowered the credibility evaluation results. In [14] the Attribute Recognition Theory is adopted here firstly, and a new attribute recognition theoretical model used in evaluation system of quality electrical energy is established. Analysis of Hierarchy Process (AHP) is used to acquire the proportion of each index; as a result, subjective unilateralism could be avoided effectively in judging proportion of indexes. However, the model is subjective. In [15] , a new method is presented to quantify and evaluate the power quality by selected the day cycle. The indexes showing an aspect of power quality are qualified and unified using probability and mathematical statistics and vector algebra. The evaluation is presented to evaluate the global unique power quality index, which makes it possible that a class of quality for power has a corresponding price.
Due to the power quality comprehensive assessment is to multi-index integrated into a single index, the multidimensional data down to the process of one dimensional data, so the projection pursuit method will be good solution to this problem [16, 17] . This paper proposes RAGA-PPE comprehensive assessment model for power quality specific to such high-dimensional index system issue of comprehensive evaluation for power quality to realize continuous evaluation for power quality of multi-index regional power grid from three dimensions of index, time and region through adjustment of time factor size. Examples prove that the evaluation model is simple in computation, good in applicability, and accurate and objective in evaluation result, which provides a new method and thought for decision of comprehensive evaluation for power quality.
THE PPE MODEL OF POWER QUALITY
The Projection Pursuit Evaluation Model (PPE) is a kind of nonlinear high-dimensional data to deal with many factors of new comprehensive Evaluation method [18] [19] [20] , its basic idea is: the high-dimensional data through some combination of Projection to the low-dimensional subspace (1 ~ 3D), and by minimizing a Projection index, find out can reflect the characteristics of the original high-dimensional data structure or Projection, analyze the data structure in low dimensional space, in order to achieve the purpose of the research and analysis of high dimensional data.
The power quality comprehensive evaluation generally have the following steps:
1)
According to the energy gained by the data, the data pretreated;
2) The PPE model is set up;
3) Using RAGA to optimize the best projection direction;
4)
Using the minimum variance method to calculate weight system time vector;
5)
To determine the time series of the comprehensive evaluation value of each system.
Electricity Standardized Treatment
Because all power quality index type and dimension is not unified, which can't directly use. In order to avoid the unreasonable phenomena occur, dimensionless evaluate power quality index [19] . Here by using evaluation index method of poor raw data standardize processing, the need for indexes are inverse direction judgement, then processing respectively, the specific process is as follows:
Set Indicators j in the sample i as x ij , i = 1,2,,n , j = 1,2,, m , n is samples, m is indicators, positive index u ij
Reverse index u ij
x j max and x j min is the original data of the maximum and the minimum as for evaluation ind j , x ij * is dimensionless, and 0 ≤ x ij * ≤ 1.
The Projection Index Function
Projection is essentially to observe data from different angles, looking for can reflect the characteristics of the data to the greatest extent and can make the best of the best viewing Angle mining data information is the optimal projection direction [20, 21] . The high-dimensional data into low dimension space by using the method of projection information, not only intuitive image, and convenient to use the conventional methods for high-dimensional data analysis and processing. Here choose linear projection, the highdimensional data projected to one dimension linear space for research. Set a is m unit vector projection direction. The one dimensional projection characteristic value z i is
Construct the Objective Function
In order to find the data in multidimensional index structure combination characteristic, it was integrated projection for projection value z i as much as possible variation information extraction x ij , in one dimensional space z i spread class space S z as large as possible; Projection values z i of the local density D z maximum at the same time, the same projection index focus as far as possible in the space. Build a projection objective function is:
S z are projection values z of the standard deviation, D z for the projection values z of the local density.
E z is the average value of a projection characteristics z i ; R is local density window width, and the data characteristics, the selection of it included in the window as the projection point of the average number of too little, not avoid moving average deviation is too big, R is αS z , α is 0.1, 0.01 and 0.001, According to the projection point z ij on the distribution of regional appropriate adjustments;
projection characteristic value; u is unit step function.
To Optimize the Projection Direction
When the sample values of evaluation indexes for timing, projection index function only changes over the direction of the projection. Different projection direction reflect the characteristics of the different data structure, the optimal projection direction is the largest possible exposure to certain types of high-dimensional data characteristic of the structure of the projection direction, maximize by solving the projection index function to estimate the optimal projection direction [22] :
This is a thought that the complicated nonlinear optimization problem of optimized variables a j , it is difficult to use conventional optimization methods to processes.
Determine the Projection Value
The optimal projection direction value a j generation into the projection value of projection index function to get the sample z i , the projection value is the best projection direction of each evaluation index and evaluation standard of weighting, can according to the size of the projection value to evaluate the sample and analysis.
RAGA-PPE MODEL
Projection index function structure and its optimization is the key factors of the success of the PPE method, its complexity to a certain extent, limits the in-depth study of the PPE method and widely used. At present commonly used projection pursuit regression model is set up Friedman and Stuetzle multiple smoothing regression technique is put forward, given the method involves many complicated mathematical knowledge, not easy programming, and the large amount of calculation, this is largely limits the widely application of projection pursuit technique. Therefore can consider to use Genetic Algorithm (GA) to convenient [23, 24, 25] , but the standard Genetic Algorithm (also known as the Simple Genetic Algorithm, Simple based Algorithm, referred to as SGA) premature convergence, large amount of calculation and the accuracy is poor, can lead to poor convergence results. To this end, this paper puts forward a kind of Accelerating Genetic Algorithm based on Real number encoding is [26, 27] of projection pursuit evaluation model.
Theoretical Analysis of RAGA

The Space of Compression Solution
The change of the size of the optimization variable search space influence the convergence speed of SGA, and the search space is wider, goal area is narrower, search time is longer and training speed is slower. RAGA, one use the excellent individual subgroups to adjust the search scope, are integrated in the system to enhance optimization robustness and accelerate convergence.
Parallel Search
SGA selection, cross and mutation operation is often done in serial, which could worsen fitness of offspring, however the choice of RAGA, hybridization and mutation operation was conducted in parallel. So overall, the scope of search of RAGA is larger than SGA's, so getting to the global optimal point might be a little easier.
Increasing the Approximate Probability
The researcher attempts to make an analysis that the probability of excellent individual surrounded the global optimal point decides the global optimization performance RAGA. It is assumed that excellent individuals randomly distributed around the optimal point, and it is uniformly distributed. So when evolutionary iteration 2 times, the probability of the number of 2 s optimal points that surrounded by excellent individual can be calculated by
Similarly, problems of p optimized variables and the situation of q accelerating returns used by RAGA, the probability of the number of optimal points that surrounded by excellent individual can be calculated by
From this, we can see, RAGA in gradually compress search space generally still has great probability when surrounded by the most advantages.
Modeling Steps
The flow chart of the way to optimization problem is showed below.
Step 1: N group of random variable of uniform distribution are generated at the change interval of each decision variable values, Shorthand for Step 3: Calculate evaluation function eval V ( ) .
Evaluation function is used to set the probability of V . The stronger Chromosome adaptability, the greater the possibility should be selected. Then set α ∈ 0, 1 ( ) , the evaluation function can be calculated as
Step 4: Taking selection operation, which generate the first offspring. According to the fitness of each chromosome to select chromosomes after several selection of the chromosome, we can get a new kind of chromosome V i 2 ( ) . Fig. (1) . Genetic algorithm process.
Step 5: A new species that generated in step 4 is crossover operated first, set P c as the probability of crossover operation, then generate a random number from 0, 1
( ) selected to use arithmetic crossover method, which were generated the random number c from 0, 1
Step 6: Generate the new V i 3 ( ) .
Step 7: Evolutionary iteration.
Step 8: Accelerate circulation.
Step 9: It is concluded that the best projection direction and the corresponding projection values.
THE COMPREHENSIVE EVALUATION VALUE OF TIME SERIES
Adjusting the size of the time factor can achieve outstanding role of power quality in different periods [28] [29] [30] [31] . In this paper determine the evaluation system in each period value is introduced. Comprehensive evaluation value can be calculated as: (13) w k _ time is time weight at the period of t k .
Then
Time weight vector will be defined by Minimum variance method, which have the advantage of good stability. λ is used as time temperature, when W = 1,0,...,0
and when W = 0,0,...,1
( ) (15) w N * = 6 N − 1
⎠ ⎟ the weight of the vector tha minimum variance method determined is not 0, otherwise it is 0.
CASE STUDY
Continuous power quality event is selected as object of study. Data is from power supply bureau in a given area of six 220 kV substation, which included 9 index of power quality monitoring data in 2009. As shown in Table 1 . The evaluation points are the power quality data collected at 220 kV substation into line. Every index is in the corresponding month 95% probability values in each month. The index system can be constructed evaluation system according to the actual demand and index data covering degree. Due to the limit of space, Data samples is no longer listed here. First, the data sample is dimensionless and consistent by using formula (1) and (2). The unified power quality index are distributed in the standard data between (0, 1).
Index data t 1 ,t 2 ,t 3 ,...,t 12 of electric power are respectively formula (3), (5), (6) , (4) Table 2 .
The best projection directions a t k ( ) are back in formula (7), and each substation projection values z i t k ( ) can be got.
Each substation annual comprehensive evaluation value is calculated by using the principle of the minimum variance method. To study various substation power quality under different time factor temporal dynamic value changes of the sort, λ are selected 7 values from 0.304 to 0.604, which ensures zero component is not included in weight of each time at the same time. Time weight vectors (14) are obtained by formula (15) , (16), (17) , and are given in Table 3 .
Finally the annual power quality comprehensive evaluation of percentile substation are calculated by using the formula (13) Table 4 .
CONCLUSION
From the result point of view, the evaluation results and the conclusion of literature [32] are basically identical. From the perspective of the actual situation of substation, the model can be implemented in the dispersion characteristics of dynamic evaluation, because the whole electric power system is dynamic and the most electrical parameters are dynamically changing at any given moment. Overall, this algorithm has realized distinguish between the evaluation objects power quality level through the evaluation index. In addition, according to the best projection direction, Impact degree of each evaluation index can be analyzed, which can provide decision-making basis for different regions to further improve the quality of electric energy.
The weights of different period of power quality can be emphasized by adjusting the size of the time factor. Substation annual value ranking is different under the effect of different time factor. Its change is related to the time factor. In this case, when the time factor is less than 0.5, the time weight is a gradual increase. Each substation power quality weight is bigger in the second half. When the time factor is increased within the scope, the weight of each time period is increased in the first half of the year and later decreased. When the time factor is greater than 0.5, the contrary is the case.
Regional power grid power quality evaluations are recalculated from the view of time, space index of three dimensions in Table 4 
